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Abstract 

This paper presents analysis of microstrip line structures in which either the strip or 
the ground plane or both are made of a high Tc superconductor. The effect of 
implementation of a superconductor to the strip and the ground plane is explained with the 
calculation of a conductor loss of the structure by the Phenomenological Loss Equivalence 
Mcthod(PEM). The theoretical values are compared with the experimental results from a 
ring resonator which is made of a gold ground plane and a high Tc superconductor, 
YBa 2 Cu 307 - x , strip. 


Introduction 

In this paper, we calculate and compare Q 
values of the microstrip line structures in which either 
the strip or the ground plane or both are a high Tc 
superconductor. The motivation for this study is to 
provide the theoretical basis for the effective application 
of a superconductor to the microstrip line as well as 
other planar transmission lines. The analytical method 
in this paper is based on the Phenomenological Loss 
Equivalence Method (PEM) [1,2] and the introduction 
of the superposition principle of the internal impedances 
from the strip and the ground plane of the microstrip 
line. By using this method, we calculate the Q value of 
the ring resonator which has a superconducting strip 
and a normal conducting ground and compare the 
results with the experimental data. 

Analysis of Various Superconducting 
Microstrip Line Structure 

We analyze the various superconducting 
microstrip line structures that have alternative 
implementations of a superconductor and a normal 
conductor into the scrip or the ground plane as shown in 
Fig.l. There are field penetrations even inside of the 
superconductor. These field penetrations contribute to 
the internal impedance and cause the conductor loss in 
the microstrip line structure as shown in Fig.2. The 
internal impedances from strip conductor and the 
ground plane are seperately calculated by PEM. Then, 
the total internal impedance is obtained by using the 
superposition of internal impedances. The internal 
impedance of each case is obtained by considering the 
cases where either strip or the ground plane is perfect. 


When the ground plane is assumed to be perfect, the 
field penetration occurs only in the strip conductor. In 
this case, the geometric factor, say Gl, of the 
microstrip line is obtained from the magnetic field 
penetration inside of the strip conductor. The 
equivalent strip [1,2] is obtained from Gl. The internal 
impedance of microstrip line under the assumption of a 
perfect ground plane can be obtained as Z\\ = 

G 1 -Z s 1 *coth(Z s 1 -a 1 * A G 1 ) where Z s l,ol and A are 
the surface impedance, the conductivity of the material 
and the cross section" (w*t) of the strip, respccively. 
Next, we consider the case where the field penetration 
occurs only in the ground plane. In this case, the 
geometric factor, G2, is obtained from the field 
penetration in the ground plane. The internal impedance 
from the ground plane is obtained as Z& = G2 Zs 2 'Coth 

(Zs2-c2-A-G2) where Z s 2 and 02 are surface 
impedance and conductivity of the ground, respectively. 
Then, the total internal impedance is obtained by adding 
Zil and Zi2. We calculate the propagation constant of 
the microstip line structure by adding this internal 
impedance to the external impedance and by using the 
transmission line model. Since our method is based on 
the PEM, this can be applied to any field penetration 
depth compared with the conductor thickness as 
demonstrated in reference [1,2]. 

Comparison Between Microstip Lines with 
Various Superconductor Implementation 

The conductor losses of each microstrip line in 
Fig. 1 are calculated by applying the method explained 
above. Then, we calculate Q values of each strip line 
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by additional consideration of substrate loss (3J. This 
will give us insight to the effects of an application of 
superconductor on microstrip line. The dimensions of 
the structure are shown in Fig.3 (a). For the calculation, 
we use the measured conductivity values of the 
YBa2Cu307-x Film obtained from the power 
transmitted through the film and a two fluid model [4], 
The calculated Q values of each structure at 35 GHz are 
shown and compared in Fig.3. In this calculation, the 
value of 5.8 x 10~ 4 is used for loss tangent. Since the 
current is more concentrated on the strip, the 
implementation of a superconductor in the strip gives 
more influence on the loss as expected. The extent of 
an effect of the implementation of a superconductor in 
the microstrip line can be different for different 
geometric structures of the microstrip line. 

Next, we compare our calculated results with 
the experimental results from the ring resonator 
structure shown in Fig.4. This ring resonator has the 
resonant frequency of 35.0 GHz The details of the 
fabrication of this structure and the measurements are 
presented elsewhere [5]. The strip of this ring 
resonator is a thin Film of YBa2Cu307- x deposited on 
LaAl203 by a laser ablated technique. The ground 
plane consists of Ti / Au. A thin Ti layer is employed to 
make the deposition of the gold on the substrate and its 
effect on the structure is negligible because it is thin 
compared with a gold layer. Fig.5 shows the 
experimental Q values and the calculated Q values with 
the variation of loss tangent of the substrate. The 
calculated values of Q are higher than the experimental 
results. There are several factors for this discrepancy 
between the experimental and theoretical results. The 
ring resonator was built with a YBa2Cu307- x Film 
different from the film on which the conductivity values 
were measured. The YBa2Cu307- x Film used in the 
ring resonaltor has lower Tc and lower quality than the 
one used in the conductivity measurement. Also, it is 
more affected by the surface roughness because it is 
patterned. Another factor can be the edge current effect 
on the superconducting ring resonator. Also, since the 
conductor loss from the gold and superconductor 
decreases at the low temperature region, the substrate 
loss becomes more dominent. However, the 
information on the loss tangent of the substrate is not 
available at low temperature region. As we can observe 
in Fig.5, the Q values depend on the value of loss 
tangent of the substrate used in the calculation. The 
accurate characteristics of the substrate should be done 
in order to make it meaningful to compare the theoretical 
and experimental results. 

Conclusion 

In this paper, we presented a theoretical analysis 
of the superconducting microstrip lines with the various 
implementations of a superconductor and a normal 
conductor into the strip or the ground plane of the 
microstrip line. By using the method presented, we 
calculated the Q values of a ring resonator with the thin 
YBa2Cu307-x strip and the gold ground plane. This 
theoretical results are compared and discussed with 


experimental results of a ring resonator with the thin 
YBa2Cu307-x strip and the gold ground plane. It was 
found that the substrate loss becomes very critical at the 
superconducting microstrip line. 
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FIGURE 1. - SUPERCONDUCTING MICROSTRIP LINES. 
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FIGURE 2. - FIELD PENETRATION IN THE STRIP AND THE 
GROUND PLANE. 




(b) Q-VALUES OF SUPERCONDUCTING MICROSTRIP LINES. 

FIGURE 3. - DIMENSIONS AND Q-VALUES OF SUPERCONDUCTING 
STRIP LINES. 
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R1: 918 M m 
R2: 1061 pm 
W : 143 Mm 
G : 36 pm 




t : (TITANIUM LAYER) tj: 0.5 Mm 
t s : 254 Mm 
0.1 Mm 
tg : i.o Mm 

(b) SIDE VIEW OF THE RING RESONATOR. 
FIGURE 4. - SUPERCONDUCTING RING RESONATOR. 



FIGURE 5. - EXPERIMENTAL AND THEORETICAL VALUES 
OF Q IN SUPERCONDUCTING RING RESONATOR. 


4 



NASA 

National Aeronautics and 
Space Administration 

1 . Report No. 

NASA TM- 103 182 


4. Title and Subtitle 


Report Documentation Page 


2. Government Accession No. 


Analysis of Microstrip Lines With Alternative 
Implementations of Conductors and Superconductors 


3. Recipient’s Catalog No. 


5. Report Date 


6. Performing Organization Code 


7. Author(s) 

K.-S. Kong, H.-Y. Lee, T. Itoh, 
C.M. Chorey, and K.B. Bhasin 


9. Performing Organization Name and Address 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546-0001 


8. Performing Organization Report No. 

E-5562 

10. Work Unit No. 

506-44-20 


11. Contract or Grant No. 


13. Type of Report and Period Covered 
Technical Memorandum 


14. Sponsoring Agency Code 


15. Supplementary Notes 

Prepared for the 1990 Asia-Pacific Microwave Conference sponsored by the Institute of Electronics, Information and Commercialization 
Engineers, Tokyo, Japan, September 18-21. 1990. K.-S. Kong, H.-Y. Lee, and T. Itoh, Dept, of Electrical and Computer 
Engineering, The University of Texas at Austin, Austin, Texas 78712. C.M. Chorey, Sverdrup Technology, Inc., Lewis Research 
Center Group, 2001 Aerospace Parkway, Brook Park, Ohio 44142. K.B. Bhasin, NASA Lewis Research Center. 

16. Abstract 

This paper presents analysis of microstrip line structures in which either the strip or the ground plane or both are 
made of a high Tc superconductor. The effect of implementation of a superconductor to the strip and the ground 
plane is explained with the calculation of a conductor loss of the structure by the Phenomenological Loss 
Equivalence Method (PEM). The theoretical values are compared with the experimental results from a ring 
resonator which is made of a gold ground plane and a high Tc superconductor, YBa 2 Cu 30 7 . x , strip. 


17. Key Words (Suggested by Author(s)) 

High temperature superconductors 
Ring resonator 
Microstrip lines 


18. Distribution Statement 

Unclassified — Unlimited 
Subject Category 33 


19. Security Classif. (of this report) 
Unclassified 


20. Security Classif. (of this page) 
Unclassified 


21 . No. of pages 

6 


22. Price* 


NASA FORM 1626 OCT 86 


*For sale by the National Technical Information Service, Springfield, Virginia 22161 






National Aeronautics and 
Space Administration 


FOURTH CLASS MAIL 


I II II I 


Lewis Research Center 

Cleveland, Ohio 44135 

Official Business 
Penalty for Private Use S300 


ADDRESS CORRECTION REQUESTED 



Postage and Fees Paid 
National Aeronautics and 
Space Administration 
NASA 4 51 





JlzJU 

NASA SCIENTIFIC AND TECHNICAL DOCUMENT AVAILABILITY AUTHORIZATION (DAA) 


ZZXT' 


xC 


cXoriginal 

□ Modified 


(Facility Um Only) 


Control No 


?J?J"*** ** th6 rasponwWe NASA Pro^ct Officer. Technical Monrtor, or other appropriate 
NASA Official tor all presentations, reports, papers, aryl proceedings that contain sc : ent«fic 
and technical information. Explanations are on the back of this form and are presented in 
greater defaif in NHB 2200 2, “NASA Scientific and Technical Information Handbook.’ 



Au,hor < 5 > -K*s. Ko ng. H.Y. Lee. T. Itoh. C.M. Chorey. K.B. Bhasin ' 

Originating NASA Organization L6KL 

Performing Organization (if different! ^ 1 VSKS 1 ty_Qt JgX dS dt AUStlll 


Superconductors 


lvl %t 

Contract/Grant/Interagency /Project Number(s) 

Document Number(s) -mmjm 


tot 


~5Q6-44-?n(RT0PT 


(For presentations or externally 
or book title and publisher 
These documents must be routed 


Document Date 


Wfftf VAT*- S .11 T’* - T Kttion * rt “ T"- ^ ■ nd a * ,e <* p ****.- « im 

i^u ASia-Hacific •hicrawave Conferenrp, Iojc y g^ ,i apa n m q-. , OQn 

»d to NASA Headquarters. Inlemationai Affairs Division for approval. (See Section VII)) J 5 ’ OUp tefTlDer ir© 6r± , 1990 


II. AVAILABILITY CATEGORY 
Check the appropriate category (ws): 

Secunty Classification: □ Secret □ Secret RD □ Confidential □ Confidential RO Unclassified 

Export Controlled Document - Documents marked in this Nock must be routed to NASA Headquarters International Affairs Division for aoexoval 

□ ITAR □ EAR 

NASA Restricted Distribution Document 

□ FEDO □ Limited Distribution □ Special Conditions-See Section III 
Document disclosing an invention 

Un,,l “ m0 ° B ' S N, ' W *"*' dirtdfdnt r.H«. 

PuNicfy Available Document 

XD Publicly available documents must be unclassified and may not be export -controlled or restricted distribution documents 
□ Copyrighted □ Not copyrighted 


/ 


: " & 


P-H 


HI SPECIAL CONDITIONS “ ““ “ 

* T * PP< ‘“ b t b ° , * S •* Ch W (bl 35 me Cas,$ ,OT $ P* C “ I wslncled distnOubon it 10. 'Speoal Condi, «n S - bo* under NASA 
Restricted Distribution Document m Section II is checked Guidelines are provided on reverse side of form 
a This document contains: 

□ ^^ ^ n n wnl ' nl0,mal,0n ° ro **> '«« or evaluation results O Rntlmanary etlormalam O Informal sub.ee, to spec.al con.rac, proven 

b Check one of the following limitations as appropriate 

n *°* nC "* * nd U S Government agency contractors only □ NASA contractors and U S Government agenoes only Q U S Government agenc.es only 

□ NASA personnel and NASA contractors only □ NASA personnel only □ AveHable Only with approval of rssumg office; 




IV BLANKET RELEASE (OPTIONAL) 

All documents issued under the following cootract/grant/project number 

The blanket release authorization granted is 

Date 

O Rescinded - Future documents must have tndivdual availability authorizations 


. may be processed as checked in Secions II and ill 


□ Modified - Limitations for all documents processed in the STI system under the blanket 
release should be changed to conform to blocks as checked in Section II 


V PROJECT OFFICER/TECHNICAL MONITOR 

Regis F. Leonard, Dr, 

Typed Name of Project Officer/Technical Monitor 


5630 


Office Code 







3-=l 

Dale 


VI PROGRAM OFFICE REV*W /j S^pprc 

,TA)it y| 

Typed Name of Program Office Representative 


I Not Approved 


Program Office and Code Signature 


oH, 


J0 


Date i 


VII. INTERNATIONAL AFFAIRS DIVISION REVIEW 

□ Open, domestic conference presentation approved 

□ Foreign puNication/presenUtion approved. 


□ Export controlled limitation is not applicable. 

□ The following Export controlled limitation (ITAR/EAR) is assigned to this document: 


International Affairs Div. Representative 




Title 


VIII EXPIRATION OF REVIEW TIME 


The document is being released m accordance with the availability cateoorv and limitation chaduwt in tjtHvw ii M . . 

°*“ 20 » nhb 2200.7. 2ST^ ZSZZZ” ,rom ,he Pr0fl,,m 


Office Code_ 


Not. Thts release procedure cannot b« used with documams desrgnated as E*pot, Controlled Oocumams. conteienca 


presentations or foreign publications 


IX DOCUMENTS DISCLOSING AN INVENTION 
a Th*s document may be released on 


Installation Palent or Intellectual Property Counsel 


b The document was processed on 


m accordance with Sections II and 111 as applicable NASA STI Facility 


X DISPOSITION 

Com pie led forms should be forwarded to the NASA Scientific and Technical 
information Facility. P.O Box *757, B.W.I. Airport. Maryland 21240 with 
either (check box) 

l 1 Printed or reproducible copy of document enclosed 

1 ! c P ° fl D < ocum ? n J a,,on Pa 9« <»"c*°sed The issuing or sponsoring NASA installation should provide a copy of the document when comolete 

to the NASA Scientific and Technical Information Facility at the above listed address complete, 

FF4?7 RFV OCTflfi 


-iV* 


